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(57) The lead sulfate (PbS04) deposited on the sur- 
face of the positive electrode 1 8 or negative electrode 
20 Is reduced owing to the flow of the pulsating direct 
current from the positive electrode 1 8 toward the nega- 
tive electrode 20 in the sulfation removing step 34, while 
at the same time the positive electrode 18 of the lead- 
acid storage battery 1013 activated through the electro- 
chemical doping In which the carbon suspension ob- 
tained by the electrolytic oxidation of the carbon positive 
electrode is used as at least a part of the battery elec- 
trolyte of the lead-acid storage battery 10 in the elec- 
trode activating step 40. Therefore, it is possible to se- 
lect, as recyclable batteries, a wider range of used lead- 
actd storage batteries, so that even an used iead-acid 
storage battery which has a battery electrolyte whose 
specific gravity is considerably lowered and which ac- 
cordingly appears to suffer from the sulfation can be re- 
covered to have substantially the same capacity as that 
of a new iead-acid storage battery. Thus, the invention 
pemnlts a wider range of the used iead-acid storage bat- 
teries to be recycled. 
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Description 

TECHNICAL FIELD 

5 [0001 ] The present Invention relates to a method of recycling a lead-acid storage battery whose capacity has been 
reduced due to a film of lead sulfate formed on a surface of an electrode. 

BACKGROUND AHT 

10 [0002] As one type of a secondary battery which can be repeatedly charged and discharged, a lead-acid storage 
battery is often used for electric motor vehicles and other purposes since It Is relatively cheap. Some examples of the 
lead-acid storage battery are defined In JIS C8701 (portable storage battery). JIS D5301 (storage battery for automo- 
biles), JIS D 5302 (small-sized storage battery for automobiles), JIS D 5303 (storage battery for electric vehicles), JIS 
F 81 01 (storage battery for boats), JIS W 7301 (storage battery for airplanes). However, when the time of use or service 

'5 of such a storage battery amounts to, for example, about 2-3 year^, there generally occurs a phenomenon that the 
charge capacity Is considerably reduced due to the chronological deterioration. In the occurrence of such a phenom- 
enon called "battery exhaustion", It Is generally detemnlned that the service life Is over when the actual charge capacity 
Is reduced to, for example, about 50% of the Initial charge capacity, so that the battery Is replaced with a new one. 
[0003] A main cause of the above phenomenon, i.e.. about 70-80% of the cause of the phenomenon, is development 

20 of so-called "sulfation" In which a hard film consisting of large crystals of lead sulfate (PbS04) Is fomned on the surfaces 
of the electrode plates after the battery Is left discharged, it Is common that the electrode p late consists of, for example, 
a sponge structure having a surface In which a multiplicity of small perforations are fomned In the Interest of raising the 
capacity of the battery. The small perforations are closed by the solidified non-conducting lead sulfate In the "sulfation", 
thereby reducing the battery capacity while considerably Increasing the Intemal resistance, as a result of reduction of 

29 a surface area of the electrode plate which can contribute to charging and discharging of the battery. It is known that 
the reaction is promoted so that a fatal damage is given to the lead-acid storage battery, particularly, when the load 
applied to the battery Is held constant In spite of the reduction of the surface area of dischargeable electrode plate due 
to the deposition of the lead sulfate. 

[0004] Since the lead-acid storage battery whose service life is over as a result of reduction of the capacity contains 

30 a large amount of lead, It can not be easily disposed of as an ordinary Industrial waste or refuse. Thus, the used lead- 
acid storage batteries are likely to be piled up out in the open. It would be possible to collect the lead from the used 
battery In a metal collection treatment. However, such a treatment requires a large Investment such as a relatively 
large plant equipment for a lead refining operation in which crushing/screening, reduction fusion and electrolysis of the 
lead are effected for refining the lead, leading to an increase in the cost and making it impossible to easily carry it out. 

35 [0005] On the other hand, as described In the publication of Japanese Patent No. 2736243 (Issued on April 2, Helsei 
1 0), there is proposed a technique of activating the positive electrode (Pb02) of the lead-acid storage battery through 
an electrochemical doping, by adding a carbon suspension, which is obtained by electrolytic oxidation of a carbon 
positive electrode In a water system, to a battery electrolyte of the lead-acid storage battery, and also proposed to use 
the carbon suspension as a regenerant for regenerating the lead-acid storage battery. However, although the activation 

40 of the positive electrode Is surely achieved by supplementing the battery electrolyte of the used lead-acid storage 
battery with the carbon suspension, the activation Is achieved only In the remaining area of the electrode plate which 
Is not covered by the deposition of the lead sulfate. Thus, In the dlsclosed.technlque in which the lead suifate itself is 
not removed, it is necessary to select, as recyclable batteries, only those of the used batteries which have a specific 
gravity of not smaller than about 1 .24 and which are accordingly not considered to sufferf rom the sulfation. Othenwise, 

45 it Is extremely difficult to restore the capacity of the used battery to the level of capacity of a new battery. That is, the 
application of the disclosed technique Is limited to the recycling of such used lead-acid storage batteries that have 
relatively better conditions. 



[0006] The present invention was developed under the above-described background situation. An object to be 
achieved by the present invention is to provide a method of recycling a wide range of used lead-acid storage batteries. 
[0007] As a result of various studies made by the present Inventors under the above-described background situation, 
the Inventors found out a fact that It Is possible to advantageously recycle the used lead-acid storage battery whose 
55 capacity has been considerably reduced, by combining the above-described technique of adding the carbon suspension 
to the battery electrolyte for the purpose of activating the electrode plate, with a technique of charging a lead-acid 
storage battery of an emergency vehicle which Is not usually used but needs to be surely activated In an emergency, 
by continuously or periodically applying a pulsating direct current having a relatively high frequency of about 10 kHz, 
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to the lead-acid storage battery for the purpose of preventing occurrence of the sulfation. That Is, It Is considered that 
the used lead-acid storage battery can be recovered to have substantially the same capacity as that of a new lead- 
acid storage battery^ since an area of the surface of the electrode plate which can contribute to the charging and 
discharging is restored owing to removal of the lead sulfate deposited on the surface of the electrode piate by charging 
5 the battery with the pulsating cun-ent having the relatlveiy high frequency, while the electrode piate is activated through 
the electrochemical doping by adding the carbon suspension to the battery electrolyte. This Invention was developed 
based on this Knowledge. 

[0008] That Is, the essence of the present Invention is a method of recycling a lead-acid storage battery, to recover 
a capacity of the battery which has been reduced due to deposition of a lead sulfate on a surface of an electrode of 

10 the battery. The method comprises: (a) a first step of causing a pulsating direct current to flow from a positive electrode 
toward a negative electrode of the battery, for thereby reducing the lead sulfate deposited on the surface of the elec- 
trode; and (b) a second step of activating the positive electrode through an electrochemical doping In which a direct 
current voltage Is applied to the battery with a carbon suspension being used as a battery electrolyte of the battery. 
The carbon suspension Is obtained by electrolytic oxidation of a carbon positive electrode In a water system. 

15 [0009] In this method, the lead sulfate deposited on the surface of the electrode is reduced owing to the flow of the 
pulsating direct current from the posith/e electrode toward the negative electrode in the first step, while at the same 
time the positive electrode Is activated through the electrochemical doping In which the carbon suspension obtained 
by the electrolytic oxidation of the carbon positive electrode Is used as at least a part of the battery electrolyte of the 
lead-acid storage battery In the second step. Therefore, according to the present Invention, even an used lead-acid 

20 Storage battery which has a battery electrolyte whose specific gravity is considerably lowered and which accordingly 
appears to suffer from the sulfation can be recovered to have substantially the same capacity as that of a new lead- 
acid storage battery. Thus, the Invention makes it possible to select, as recyclable batteries, a wider range of used 
lead-acid storage batteries Including the ones which are conventionally considered to be unrecyciable, thereby remark- 
ably reducing the used storage batteries to be disposed of as wastes. Further, the adding pf the carbon suspension 

25 into the battery electrolyte makes it possible to prevent the lead sulfate from adhering to the electrode of the lead-acid 
storage battery, thereby providing an advantage that It Is not necessary to cause periodic or continuous flow of the 
pulsating direct current. 

[0010] Preferably, In the first step, the pulsating direct current Is caused to flow by applying, to the battery, a pulsating 
direct current voltage which is sufficiently higher than a temnlnai voltage of the battery, and wherein the pulsating direct 
30 current has a rectangular, sinusoidal or partially art^uate wavefomi. 

[001 1] Further, preferably. In the first step, the pulsating direct cun^ent Is caused to flow from the positive electrode 
toward the negative electrode for a time ranging from 12 to 24 hours, so that the lead sulfate Is surely removed from 
the surface of the electrode. 

[0012] Further, preferably, the pulsating direct current used In the first step has a frequency ranging from 2 to 12 
35 kHz. if the frequency of the pulsating current is not lower than 12 kHz. the efficiency of removing the lead sulfate Is 
drastically reduced, if the frequency Is not higher than 2 kHz, the time required for removing the lead sulfate is Increased 
whereby the working efficiency is reduced. 

[0013] Further, preferably, the water system used in the second step consists of a pure water system, an aqueous 
solution of a dilute sulfuric acid, or an aqueous solution including a small amount of additive electrolyte which does not 
40 deteriorate performance of the lead-acid storage battery when the additive electrolyte is added to a battery electrolyte. 
[0014] Further, preferably, the carbon suspension used in the second step consists of a colloidal suspension in which 
surfaces of carbon colloidal particles are chemically modified with a hydraulic group such as a carbonyl group, a car- 
boxy 1 group and a hydroxy I group. 

[0015] Further, preferably, the direct current voltage Is applied to the battery in the second step such that an electric 
4^ current flows from the positive electrode toward the negative electrode of the battery, by using a constant current or a 
pulsating current which changes In magnitude in a predetennined cycle. 

[0016] Further, preferably, the second step in which the carbon suspension obtained by the electrolytic oxidation of 
the carbon positive electrode In the water system Is added to the battery electrolyte of the battery Is Implemented 
before, during or after Implementation of the first step in which the pulsating direct current is caused to flow from the 
so positive electrode toward the negative electrode of the battery. 

BRIEF DESCRIPTION OF DRAWINGS 

[0017] 

S5 

Fig. 1 is a view tor explaining the construction of a storage batterytowhlchoneembodiment of the present invention 
is applied. 

Fig. 2 Is a view for explaining a relationship between the remaining capacity and the specific gravity of the battery 
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electrolyte In the lead-acid storage battery of Fig. 1 . 

Fig. 3 is a flow chart for explaining steps for recycling an used lead-acid storage battery. 

Fig. 4 Is a view for explaining a chaiiging device and a DC-pulse generating device which are used In a sulfation 

removing step of Fig. 3. 

5 Fig. 5 Is view for Indicating, by way of exanrtples, changes of actual voltages of five lead-acid storage batteries In 

each of which the sulfation has been developed. 

BEST MODE FOR CARRYING OUT THE INVENTION 

10 [001 8] Fig. 1 Is a view for explaining the constmction of a lead-add storage battery 1 0 In which one embodiment of 
the present Invention Is applied. As shown In the figure, In a case 12, there are a plurality of, for example^ six cells 14 
which are defined by partition walls 16. In each ot the cells 14, there are a positive electrode 1 8 and a negative electrode 
20 which are an^anged to be opposed to each other with a predetennlned spacing distance therebetween. Each cell 
14 Is filled with a battery electrolyte 22 consisting of (dilute) sulfuric acid solution such that the positive electrode 18 

'5 and the negative electrode 20 are sufficiently Immersed In the battery electrolyte 22. The voltage of each ceil 14 Is 
about 2V when the battery 10 is charged. Thus, the terminal voltage of the battery 10 Is 12V where the battery 10 Is 
constituted by six cells. The terminal voltage of the battery 1 0 Is 24V where the battery 1 0 Is constituted by twelve cells. 
[0019] The positive electrode 1 8 of the lead-acid storage battery 10 Is constituted by one of a Tudor Plante type, a 
Chloride Plante type, a Paste type and an Ebonite-clad type which are well known. The electrode of the Tudor Plante 

20 type Is provided by an electrode plate which Is made of Pb. The electrode plate has a surface whose area Is Increased 
by slits which are fonned In the surface so as to be arranged in a lattice. On the surface of the electrode plate, a layer 
of lead dioxide (PbOg) Is formed by an electrolytic oxidation. The electrode of the Chloride Plante type is provided by 
an electrode plate which Is made of Pb-Sb alloy. The electrode plate has a multipllctty of through-holes In each of which 
a spiral ribbon made of lead is fitted. The electrode of the Paste type is provided by a grid which Is made of Pb or Pb- 

2s Sb alloy and which is filled with powders of lead dioxide (Pb02) or lead. The electrode of the Ebonite-ctad type Is 
provided by an ebonite tube having a multiplicity of pores formed therein. A core bar made of Pb-Sb alloy is Introduced 
through the ebonite tube. Powders of lead dioxide (Pb02) or lead are filled between the core bar and an Inner circum- 
ferential surface of the ebonite tube. TTie negative electrode 20 of the lead-acid storage battery 1 0 is usually constituted 
by the above-described Paste type, in either of these types, the positive electrode 1 8 has at least a surface constituted 

30 by the porous lead dioxide (Pb02) which serves as an active material, while the negative ele^rode 20 has at least a 
surface constituted by the porous lead (Pb) which serves as an active material. 

[0020] The lead-acid storage battery 10 constructed as described above Is discharged in accordance with reaction 
f onnulas (1 ) and (2), and is charged in accordance with reaction f onnuias (3) and (4). As is apparent from the formulas 
(1), (2) and the formulas (3), (4), the specific gravity of the battery electrolyte 22 is reduced In the discharge of the 

3s battery 1 0 In which the sulfuric acid contained In the battery electrolyte 22 combines with the electrode for thereby 
generating water, since the specific gravity of the sulfuric acid Is higher than that of the water. On the other hand, the 
specific gravity of the battery electrolyte 22 Is Increased in the charge of the battery 1 0 in which the electrode tal<es In 
the water and emits the sulfuric acid. The sulfuric acid solution used as the battery electrolyte 22 has a specific gravity 
of about 1 .25. This specific gravity of the battery electrolyte 22 within the cell 14 Is Increased to about 1 .28 when the 

40 lead-add storage battery 1 0 Is fully charged. 

[0021 ] The remaining capacity (%), which corresponds to the capacity for storing the electricity In the lead-acid stor- 
age battery 10, has a close relationship with the specific gravity of the battery electrolyte 22, as shown in Fig. 2. Thus, 
the state of charge of the lead-acid storage battery 1 0 can be estimated by measuring the specific gravity of the battery 
electrolyte 22. As Is apparent from Fig. 2. a lead-acid storage battery of 30Ah (ampere-hour) in which a specific gravity 

49 of the battery electrolyte is 1 .28 can perform the same amount of woric as a lead-add storage battery of 60Ah (ampere- 
hour) In which a specific gravity of the battery electrolyte is 1 .1 9. 

(During Charge) 

so Positive Electrode: 

[0022] 

55 PbOg + 4H* + SO4" + 2e" PbS04 i + 2H2O (1) 



4 



EP1 184 928 A1 



Negative Electrode: 
[0023] 

Pb + SO4-- -» PbS04 i + 2e" (2) 

(During Discharge) 
Positive Electrode: 
[0024] 

PbSO^ + 304"+ 2H2O ^ PbSO^ 4. + 2H2SO4 + 2e' (3) 

Negative Electrode: 
[0025] 

PbS04 -I- 2H"' + 28" Pbl + H2SO4 (4) 

[0026] The lead-acid storage battery 1 0 has a property that lead sulfate (PbS04) Is deposited on the surfaces of the 
positive and negative electrodes 1 8. 20 as a result of a chemical reaction after the charge and discharge have been 
repeated in the use of the battery 1 0 for a certain period of time, or after spontaneous discharge with age has continued 
for a certain period of time. The deposited lead sulfate fonns a solidified white hard film which hardiy exhibits an 
electronic conductivity or an ionic conductivity. Thus, the formation of the hard film leads to a reduction In the surface 
area of the electrode plate contributing to discharging of the battery, thereby resulting In a reduction in the capacity of 
the batteiy 10. The capacity reduction is indicated by a so-cailed "sutfation" In which the electrode plate is whiten. The 
sulfation determines the service life of the lead-acid storage battery 10, and provides a considerable increase in the 
internal resistance, causing a heat generation during the charge, in general, it isconsldered that the sulfation is occurred 
when the specific gravity of the battery electrolyte is not larger than 1 .25. 

[0027] Fig. 3 illustrates a process of recycling an used lead-acid storage battery whose capacity has been reduced. 
Ttie process Is Initiated by a collecting step 30 in which used lead-acid storage batteries are collected In a predetermined 
channel of distribution. The collecting step 30 is followed by ti^e selecting step 32 in which un recyclable batteries such 
as one having a distorted electrode piate and one leaving a short circuit are removed from the collected used iead-acld 
storage batteries so that recyclable batteries such as one having been excessively discharged due to its spontaneous 
discharge are selected. For example, batteries each having a specific gravity not smallerthan 1 .21 , 12V-batteries each 
having an open-circuit voltage not smaller than 4V, and batteries In each of which a specific gravity difference between 
the cells Is not larger tiian 0.04 are selected by using well known voltmeter and hydrometer. 

[0028] Subsequently, in a sulfation removing step 34, a pulsating direct current voltage is superimposed to the charg- 
ing voltage by using a DC-pulse generating device 38 which is connected in parallel with a charging device 36, as 
shown In Fig. 4, so that a pulsating direct current is being added to the charging current for about 8-12 hours, whereby 
the lead sulfate deposited on the surfaces of the electrodes is removed. That Is, the pulsating direct current serves to 
loose the molecular unification of crystals of the lead sulfate, for thereby decomposing the lead sulfate, whereby the 
lead sulfate ion is returned to the battery electrolyte 22. The removal of the lead sulfate from the electrodes can be 
confirmed by checking the Increase of the specific gravity of the battery electrolyte 22 in tlie sulfation removing step 
34. In the present embodiment, this sulfation removing step 34 corresponds to a first step. 

[0029] The DC-pulse generating devbe 38 is adapted to output the pulsating direct current voltage which is required 
to cause the pulsating direct current of about 1-BA (ampere) having a frequency of about 2-1 2kHz, to flow from the 
positive electrode 18 toward the negative electrode 20. This pulsating direct current voltage has a value which is 
sufficiently higher than that of the rated temninal voltage or that of the charging voltage, and which Is set manually or 
set automatically in a feedback controlling such that the pulsating direct current has a target value per unit area of the 
plate of the positive electrode 18 or the negative electrode 20. The pulsating direct current does not necessarily have 
a rectangular wavefomn, but may have also a sinusoidal wavefomn or a partially arcuate waveform. 
[0030] Subsequently, in an electrode activating step 40. the charging voltage of the above-described charging device 
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36 or a voltage having the same polarity as that of the charging voltage Is being applied to the used lead-acid storage 
battery for 5-8 hours, while a carbon suspension which has been obtained by electrolytic oxidation of a carbon positive 
electrode In a water system being added to the battery electrolyte in each cell of the used lead-acid storage battery 
that has been subjected to the above-described sulfation removing step 34. In this Instance, the ratio of the carbon 
5 suspension added to the battery electrolyte, with respect to the battery electrolyte is about 1/12-1/3. In this step, the 
positive electrode 18 of the used lead-acid storage battery Is activated by an electrochemical doping. In the present 
embodiment, this electrode activating step 40 con^esponds to a second step. 

[0031 ] The carbon suspension used in the electrode activating step 40 has a pi-1 of 2.5-3.5» and includes a colloidal 
carbon (carbon colloid) which has an average particle diameter not larger than 1 and which has been obtained by 

^0 applying a voltage of about 7 V, in a water, to a positive electrode obtained by burying an artificial black lead whose 
particle size Is about 1 ^m and to a negative electrode made of a platinum. The carbon suspension does not necessarily 
have to be a pure water system, but may be a dilute sulfuric acid aqueous solution, or other aqueous solution including 
a small amount of additive electrolyte which does not deteriorate performance of the lead-acid storage battery when 
it Is added Into the battery electrolyte. The carbon suspension preferably consists of a colloidal suspension In which 

^9 surfaces of carbon colloidal particles are chemically modified with a hydraulic group such as a carbonyl group, a car- 
bo)(yl group and a hydroxyl group. 

[0032] In a washing step 42, the positive and negative electrodes 1 8, 20 and the outer surface of the case 1 2 of the 
used (ead-acid storage battery, which has been subjected to the sulfation removing step 34 and the electrode activating 
step 40. are washed. The washing step 42 Is followed by an inspecting/delivering step 44 In which the used lead-acid 

20 storage battery Is inspected for determining If the battery iias a voltage and a specific gravity which confomi to a 
standard satisfying a predetermined acceptance criterion. The specific gravity conforming to the standard Is about 
1 .28. The voltage conforming to the standard Is about 12.8 V, where the battery has a nominal voltage of 12 V. 
[0033] As described above, In the present embodiment, the lead sulfate deposited on the surface of the positive 
electrode 18 or negative electrode 20 Is reduced owing to the flow of the pulsating direct current from the positive 

25 electrode 18 toward the negative electrode 20 In the sulfation removing step 34, while at the same time the positive 
electrode 18 of the lead-acid storage battery 10 Is activated through the electrochemical doping In which the carbon 
suspension obtained by the electrolytic oxidation of the carbon positive electrode Is used as at least a part of the battery 
electrolyte of the lead-acid storage battery 10 In the electrode activating step 40, Therefore, the Invention makes It 
possible to select, as recyclable batteries, a wider range of used lead-acid storage batteries, so that even an used 

^0 lead-acid storage battery which has a battery electrolyte whose specific gravity Is considerably lowered and which 
accordingly appears to suffer from the sulfation can be recovered to have substantially the same capacity as that of a 
new lead-acid storage battery. For example, since the lead sulfate Is not removed In the electrode activating step 40, 
It has been possible to restore only used lead-acid storage batteries each having a specific gravity of at least 1 .24, to 
a level which pemnits the batteries to be used as recycled storage batteries. However, the method of the present 

35 embodiment makes ft possible to restore even batteries each having a specific gravity of about 1 .21 or even 12V- 
batterles each having a voltage of about 4V, to a level which pennits the batteries to be used as recycled storage 
batteries. 

[0034] Further, according to the present embodiment, the adding of the carbon suspension Into the battery electrolyte 
22 In the electrode activating step 40 makes It possible to prevent the lead sulfate adhering to the electrode of the 
40 lead-acld storage battery 10, thereby providing an advantage that it Is not necessary to cause periodic or continuous 
flow of the pulsating direct current. 

[0035] Figs. 5 (a), (b), (c), (d), (e) show, by way of examples, voltages of five lead-acld storage batteries of nominal 
voltage of 12V In each step, for Indicating changes of the voltages of the five batteries. Each of Figs. 5 (a), (b) is of a 
lead-acid storage battery (4A0 915 1 05B/1 2V 300A 563 1 8/CCA(SAE) 500 AMPS) produced by HOPPECKE company. 

45 Fig. 5 (c) is Of a lead-acld storage battery (8D0 915 105 B/12V 340A 60AH 56093/CCA(SAE) 480 AMPS) produced 
by MOLL DE KAMINA MLA company. Each of Figs. 5 (d). (e) is of a lead-acld storage battery (4D0 915 105/12V 340A 
70AH 56069/CCA(SAE) 570 AMPS) produced by MOLL DE KAMINA Ml^ company in Fig. 5, the voltage values are 
given In the unit of volt (V), while the sign Indicates that it was Impossible to measure the voltage. The voltage 
values indicated In "AFTER SULFATION REMOVING STEP" and "AFTER ELECTRODE REMOVING STEP'* are vai- 

50 ues measured when one hour passed since the completion of the corresponding step. 

[0036] While the one embodiment of the present invention has been explained In detail with reference to the drawings, 
the present Invention may be carried out in other modes. 

[0037] For example, after the selecting step 32 of Fig. 3, the sulfation removing step 34 may be Implemented after 
the electrode activating step 40 has been Implemented. Also in this case, even an used lead-acld storage battery which 
55 has a battery electrolyte whose specific gravity Is considerably lowered and which accordingly appears to suffer from 
the sulfation can be recovered to have substantially the same capacity as that of a new lead-acld storage battery. 
[0036] Further, after the selecting step 32 of Fig. 3, a predetemnlned amount of the above-described carbon suspen- 
sion Is added Into the battery electrolyte 22 In the cells 1 4 of the used lead-add storage battery 1 0, and the pulsating 
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direct current outputted from the DC pulse generating device 38 Is caused to flow from the positive electrode 1 8 toward 
the negative electrode 20, simultaneously with the charge by the charging device 36. whereby the sulfation removing 
step 34 and the electrode activating step 40 are implemented simultaneously with each other. This arrangement pro- 
vides an advantage which nriai<e3 Is remarkably reduce a time required for the operation. 
5 [0039] It Is to be understood that the present Invention may be given various modification as far as such modifications 
do not deviate from the spirit of the Invention, although such possible modifications are not Illustrated In the present 
specification. 



10 Claims 

1: A method of recycling a lead-acid storage battery, to recover a capacity of said battery which has been reduced 
due to deposition of a lead sulfate on a surface of an electrode of said battery, said method comprising: 

IS a first step of causing a pulsating direct current to flow from a positive electrode toward a negative electrode 

of said battery, for thereby reducing the lead sulfate deposited on the surface of said electrode; and 
a second step of activating said positive electrode through an electrochemical doping In which a direct current 
voltage is applied to said battery with a carbon suspension being used as a battery electrolyte of said battery, 
said carbon suspension being obtained by electrolytic oxidation of a carbon positive electrode in a water sys- 

20 tem. 

2. A method according to claim 1 , wherein said pulsating direct current is caused to flow In said first step, by applying, 
to said battery, a pulsating direct current voltage which Is sufficiently higher than a terminal voltage of said battery, 
and wherein said pulsating direct current has a rectangular, sinusoidal or partially arcuate waveform. 

S5 

3. A method according to claim 1 , wherein said pulsating direct current Is caused to flow from said positive electrode 
toward said negative electrode in said first step, tor a time ranging from 12 to 24 hours. 

4. A method according to claim 1 , wherein said pulsating direct current used in said first step has a frequency ranging 
30 from 2 to 12 kHz. 

5. A method according to claim 1 , wherein said water system used In said second step consists of a pure water 
system, an aqueous solution of a dilute sulfuric acid, or an aqueous solution Including a small amount of additive 
electrolyte which does not deteriorate perfomiance of said lead-acid storage battery when said additive electrolyte 

^ is added to a battery electrolyte. 

6. A method according to claim 1 , wherein said carbon suspension used In said second step consists of a colloidal 
suspension in which surfaces of carbon colloidal particles are chemically modified with a hydraulic group such as 
a carbonyi group, acarboxyi group and a hydroxyl group. 

40 

7. A method according to claim 1 , wherein said direct cunrent voltage is applied to said battery in said second step 
such that an electric current flows from said positive electrode toward said negative electrode of said battery, by 
using a constant current or a pulsating current which changes In magnitude In a predetermined cycle. 

45 8. A method according to claim 1 , wherein said second step In which said carbon suspension obtained by said elec- 
trolytic oxidation of said carbon positive electrode in said water system is added to said battery electrolyte of said 
battery Is implemented before, during or after Implementation of said first step in which said pulsating direct current 
is caused to flow from said positive electrode tovrard said negath^e electrode of said battery. 
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